Abstract. Physical and mechanical properties of agricultural products were to evaluate the effect of the size of the injury on the respiration during storage and were important for the design of harvesting and processing equipment. Physical and mechanics properties of potato minituber in different grades were studied. At the same time, the physical and mechanical characteristics of potato minituber in different grades were analyzed by one-way ANOVA. Research has shown that the triaxial size, average particle size, the spherical degree, quality, moisture content, sliding friction Angle, Angle of repose, maximum transverse shear force and the longitudinal shear force of the potato minituber in the different grades were extremely significant difference(P<0.01), the bulk density and longitudinal elastic modulus of the potato minituber in the different grades were significant difference(0.05<P<0.01), the particle density and the transverse elastic modulus difference of the potato minituber in the different grades were not significant (P>0.05).
Introduction
The physical properties of agricultural products in the last 40 years have been investigated by many authors due to its importance in relation to the determination of some physical characteristics. (Annia Garc a Pereira, 2003) Physical and mechanical properties of medicinal plants and agricultural products are important for the design of harvesting and processing equipment. The physical and mechanical properties of milk thistle were investigated. The physical properties that were measured included dimensions (big, medium and small diameters), aspect ratio, geometric mean diameter, arithmetic means diameter, projected area, surface area, sphericity, moisture, density and porosity. (Lorestani, A. N,2014) In turkey, the effects of aminoethoxyvinylglycine treatments on the mechanical behavior of plum fruits were determined. The mechanical behavior of plum fruits was determined in terms of rupture force, deformation at rupture point, absorbed energy and hardness. (Altuntas,2013) The mechanical characteristics study about agricultural products is crucial so the equipment can be developed in order to achieve maximum efficiency without compromising the final quality of the product. When suffering mechanical stresses that exceed their power of resistance, the grain may have cracks and breaks increasing their deterioration susceptibility during the storage. (Fernandes, 2014) The aerodynamic properties of paddy and white rice as a function of moisture content in the range from 5 to 37% (w. b) was studied. (Gharekhani, M., 2013) The effect of the size of the injury on the respiration of tomatoes during storage was evaluated. The size of the injury caused increased respiration of ripe tomato fruits. (de paiva,2012) Determination of physical properties of agricultural products, such as the potato, and their variations during long-term storage, is an important feature in achieving high product quality and consumer acceptance. Considerable differences in physical properties of different cultivars persuade researchers to carry out further studies on other popular potato cultivars. (Golmohammadi, 2013)
Experimental Methods

Materials
Potato minituber was YouJin 885 cultivated in Heilongjiang academy of agricultural science, experiments were in the condition that without sprouting. Classification and the physical and mechanical characteristics of potato minituber in different grades were analyzed by one-way ANOVA.
Measurement of Three Axis Dimension Size
Three axis dimension size of potato minituber was measured by Vernier caliper as length, width and thickness, arithmetic mean of three axis dimension size was average particle size. Spherical degree was calculated using the following equation.
(1)
Determine of Quality
Quality of potato minituber was measured by Electronic balance.
Determine of Particle Density and Bulk Density
Particle density and bulk density of potato minituber were calculated by the following equation, volume in the determine of particle density was determined using immersion method, volume in the determine of bulk density was the volume of a cylinder.
Determine of Moisture Content
Moisture content of potato minituber was determined using mettler toledo HB43-S moisture meter.
Determine of Friction Characteristics
Sliding friction Angle was measured by self-made cant instrument. Angle of natural repose was measured by the injection method.
Determine of Mechanic Characteristics
Compression test and shear test were performed with the whole potato minituber using the british stable micro systems, TA. XTPlus astral instrument. The Hertz elastic contact theory in the following equation was applied to calculate elastic modulus with three axis dimension size. Maximum transverse shear force and longitudinal shear force of the potato minituber were determined.
F-Yield load, N; µ-Poisson's ratio, µ=0.4; R1, R1'-Contact surface curvature radius, mm; D-Yield load deformation, mm.
Results and Discussion
Different Grades of Potato Minituber
Different grades of potato minituber were shown in Figure 1 . 
Analysis of Three Axis Dimension Size
Three axis dimension size, average particle size and sphericity of potato minituber were shown in Table 1 . =2 .125 in thickness, this means that length, width and thickness difference was significant (P < 0.01). F = 1489.673 > F crit = 2.125 in mean size, F = 56.491 > F crit = 2.125 in spherical. It can be seen that mean size spherical degree of potato minituber is extremely significant (P < 0.01).
Analysis of Quality
Quality of potato minituber was shown in Figure 2 .
Level of potato minituber
Level of potato minituber Through the analysis of ANOVA, in the case of α=0.05, F=844.915>Fcrit=2.128, this indicated quality difference was significant.
Analysis of Particle Density and Bulk Density
Particle density and bulk density of potato minituber were shown in Figure 3 and Figure 4 . Through the analysis of ANOVA, in the case of α=0.05, F=0.169< F crit =5.192, this indicated particle density difference was not significant (P < 0.01). F=4.456> F crit =3.478, this indicated bulk density difference was significant (P < 0.01).
Analysis of Moisture Content
Moisture content of potato minituber was shown in Figure 5 . Through the analysis of ANOVA, in the case of α=0.05, F=11.859> F crit =3.478, this indicated length difference was significant (P < 0.01).
Analysis of Friction Characteristics
Friction characteristics including sliding friction angle and angle of repose were shown in Figure 6 and Figure 7 .
Level of potato minituber
Level of potato minituber Figure 6 . The sliding friction angle of potato minituber. Figure 7 . The angle of repose of potato minituber.
Through the analysis of ANOVA, in the case of α=0.05, F=12.982> Fcrit =2.439 in sliding friction angle difference, F=23.650> Fcrit =5.192 in angle of repose difference, this indicated sliding friction angle and angle of repose differences were significant (P < 0.01).
Analysis of Mechanic Characteristics
Elastic modulus and maximum shear force in transverse and longitudinal of the potato minituber were shown in Figure 8 and Figure 9 .
Level of potato minituber Level of potato minituber =5.192 in maximum longitudinal shear force, this indicated shear force difference was significant (P < 0.01).
Conclusions
The triaxial size, average particle size, the spherical degree, quality, moisture content, sliding friction Angle, Angle of repose, maximum transverse shear force and the longitudinal shear force of the potato minituber in the different grades were extremely significant difference, the bulk density and longitudinal elastic modulus of the potato minituber in the different grades were significant difference, the particle density and the transverse elastic modulus difference of the potato minituber in the different grades were not significant.
